Abstract: This paper deals with the importance of UPQC connected with integration of renewable energy systems in the power quality improvement of the distribution system. The proposed system consists of a series inverter, a shunt inverter and integration of some photovoltaic arrays and a wind energy converter connected to the dc link through a single-ended primary-inductor converter (SEPIC). To reduce the power quality (PQ) problems in a distribution system; a dynamic model of the UPQC with integration of renewable energy systems is developed in the MATLAB/SIMULINK environment and the simulation results demonstrating the power quality improvement in the system are presented for distorted supply and for a combination of linear and nonlinear load.
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Volume 03 The basic configuration of proposed system is shown above. It consists of two major subsystems, they are unified power quality conditioner (UPQC) and integration of solar and wind energy systems. Here four solar photovoltaic arrays are integrated with a wind energy converter. The shunt compensator mitigates the load power quality problems while the series compensator mitigates the grid voltage quality problems such as harmonic, sags/swells etc. The boost converter is controlled by MPPT algorithm so as to operate the PV array at its peak power point. The function of each subsystem is further elaborated as follows. It consists of integration of solar PV arrays which is connected to the dc link through a single-ended primary-inductor converter (SEPIC).
III. METHODOLOGY 3.1. Control scheme of series active power filter
Series APF is a voltage source inverter connected in series with transmission line. It is used to compensate the problems which comes due to voltage distortions and voltage unbalances. The series APF injects a compensating voltage so that load voltage will be perfectly balanced and regulated. Controlling of series inverter is done by PWM (pulse width modulation) techniques. Here we used Hysteresis band PWM techniques as its implementation is easy and also its response is fast. The disturbance in the waveform of voltage is need to be corrected. In order to do that, the frequency of the system is taken separately and it is given to Fcn1, Fcn2 and Fcn3 blocks as shown in the figure. This will give a pure sine wave with amplitude value being one. The amplitude of this waveform is multiplied with constant value 230. The resultant waveform will be a clear waveform without any ripple. This waveform will be compared with the original waveform which is having disturbances and the difference waveform will be the required compensation waveform. The difference between the two waveforms will show the amount of sag and swell present in voltage waveform. This compensation waveform is given to PWM generator. According to the amount of sag and swell the PWM will generate pulses and it will operate the inverter. This voltage compensation will decide how much voltage error is there in the grid and how much voltage have to induce into the grid to make the voltage sinusoidal with desired voltage magnitude and frequency. The supply voltage have to be subtracted by reference voltage (Vabc*), it calculates the error in voltage which is then compared with error voltage produced in 3 lines and then proceeded to PWM control to produce the pulses to minimize that error produced by difference in calculated error voltage and produced error voltage. 
Control scheme of shunt active power filter
In a transmission line shunt APF is generally connected in parallel. Shunt APF is used to compensate for distortions and harmonics which are produced due to current. Due to nonlinear load there are harmonics in load current. So to keep source current completely sinusoidal and distortion free we uses shunt APF. Shunt APF injects compensating current so that the source current is completely sinusoidal and free from distortions. Controlling of shunt APF is done by hysteresis band PWM techniques. In hysteresis band PWM techniques output current follows the reference and current and is within the fixed hysteresis band. The harmonics in the current waveform is need to be removed. In order to do that, the frequency of the system is taken separately with sine and cosine waveform. It is used for abc to α -β conversion. That α-β co-ordinates with original sine and cosine waveform is given to ip, iq blocks which will convert it into real power co-ordinate and reactive power co-ordinate. These two power co-ordinates will remove the harmonics in the current and adds extra required voltage at the dc link. The reference voltage of dc link should be minimum 800 volts for injecting the voltage and current. The real power co-ordinate and a reference component will be added to obtain one real component with compensated power and one reactive component. This real and reactive components with sine and cosine will be given to ialpha, ibeta blocks. This α -β will be converted into Ia*, Ib*, Ic*. Then the resultant waveform is obtained which is a pure sine wave, i.e without any harmonics. This waveform will be compared with the original waveform which is having harmonics and the difference waveform will be the required compensation waveform. The difference between the two waveforms will show the amount of harmonics present in current waveform. This compensation waveform is given to PWM generator. According to the amount of harmonics the PWM will generate pulses and it will operate the inverter. Current compensation will decide how much current error is there in the grid and how much current have to be induced in the grid to make the current waveform nonlinear, sinusoidal with desired current magnitude and frequency. The load current have to be subtracted by reference currents (Iabc*) which will be sinusoidal which Id and Iq currents are purified by collecting load currents, it calculates the error in current which is then compared with error current produced in 3 lines and then proceeded to PWM control to produce the pulses to minimize that error produced by difference in calculated error current and produced error current.
DC link capacitor voltage control
The two voltage source inverter are connected back to back through a DC capacitor. DC capacitor provides a DC voltage for working of both the inverters. The DC capacitor also provides a real power difference between source and load during the transient period and also acts as an energy storage elements. During steady state real power supplied by source should be equal to the sum of real power demand of load & a small amount of power which compensates for active filter. DC capacitor voltage should be equal to reference value but due to disturbance in real power balance between source and load due to change in load conditions the DC capacitor value is changed from reference value. The reference voltage of dc link should be minimum 800 volts for injecting the voltage and current. The proportional converter will convert error of voltage to a control signal. The DC capacitor voltage have to be maintained at some desired value. For that the controlling part have to be designed. The reference value has to be subtracted by measured DC voltage and the error has to be minimized to zero by a transfer function and the control signal have to be added to current Id.
Control scheme of PV array
The irradiance coming from sun will be converted into electrical energy which will be given to singleended primary-inductor converter for boosting. Here maximum power point tracking (MPPT) is used as boost converter control. MPPT uses incremental conductance method and integral regulator method. It sends gate pulses to the SEPIC converter. The IGBT receives gate signals and it operates the converter. The dc output from the PV arrays will be boost up and it will be given to dc link. The irradiance of sun varies as the light intensity varies. According to the irradiance at an instant the voltage is generated and to generate more energy we used four PV arrays which are connected in series. So the total current is same and the total voltage is the sum of all four PV array's voltages.
Control scheme in wind energy converter
The wind energy will be converted into electricity using wind turbine. The wind turbine generates torque which is negative. With the help of this negative torque the dc generator will generates dc electrical energy. The excitation field is given to dc generator. Here a bidirectional circuit is used with buck and boost and also controlling switches are used. The SEPIC converter will boosts up the dc ouput from wind energy converter. The wind energy converter is integrated with solar PV arrays making the system hybrid and the total output of this hybrid renewable energy system is given to dc link. The dc link compares this total output voltage with a reference voltage and it generates control signals. The Simulink block diagram consists of three phase programmable voltage source, V-I measurement blocks, diode rectifiers which act has nonlinear loads, three phase transformer, series APF control block, shunt APF control block, series and shunt inverters with a common DC link. Using the three phase programmable voltage source, the voltage can be varied and different kind of distortion like sag/swell and also harmonics can be developed. There are three voltage-current measurement blocks in the simulink block diagram, first block is placed at source side, second block is placed at load side, and the third is placed at the middle of the transmission line. The series APF has been connected to grid with help of series transformer and the shunt APF has been connected in parallel by tapping of line.
International Journal of Recent Trends in Engineering & Research (IJRTER)
Volume
Simulation Results
The figure given below shows the results of supply voltage, load current, injected voltage, injected current, grid voltage and grid current for a particular time period. Hence from the results of the simulation it can be concluded that by using UPQC with hybrid renewable energy system, the power quality problems like voltage sag, voltage swell and harmonics in current can be removed and the grid voltage has been made balanced and sinusoidal, thus the power quality is enhanced.
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Volume 03 The THD of voltage at the grid side is was 12.55% before compensation. The THD at the load side voltage is 0.96% and the same THD value at the grid is appearing as 0.96% after compensation using UPQC with hybrid renewable energy system. So by the THD analysis, the results obtained proves that using the UPQC with hybrid renewable energy system the THD is reduced. The series APF is effective in reducing the distortion in voltage entering from source side to load side. The THD of current at the grid side was 28.71% before compensation. The THD at the load side current is 25.22% and the same THD value at the grid is appearing as 2.12% after compensation using UPQC with hybrid renewable energy system. So by the THD analysis, the results obtained proves that using the UPQC with hybrid renewable energy system the THD is reduced. The shunt APF is effective in reducing the distortion in current entering from source side to load side. V. CONCLUSION Power quality issues are not new in the power distribution system but the customer realization of these problems have increased recently. To maintain the power quality to the desired or acceptable limit is very crucial. In this paper, the main objective for the utilization of the studied equipment has been to reducing the distortion level occurring in the cases of harmonic generating loads in distribution networks and improving the power quality of the system. In order to protect critical loads from more voltage harmonics and current harmonics in the distribution network, UPQC (unified power quality conditioner) connected with hybrid renewable energy system was studied and investigated here. UPQC is a type of advance hybrid filter which uses series APF for removal of voltage related problems like voltage sag or swell, fluctuation, imbalance and shunt APF for removal of current related problems like current harmonics. The various problems in power quality were studied and discussed. UPQC with hybrid renewable energy system is developed and discussed in detail.
UPQC with hybrid renewable energy system is modelled and simulated in MATLAB R2013a.  UPQC model was developed by joining shunt APF and series APF back to back using DC capacitor.
The hybrid renewable energy system is used to supply real power for the compensation.  The proposed controlling techniques are based on current control or sine pulse width modulation voltage controller. This method is used in both series and shunt APF.  The simulation is done for series APF and voltage sag and swell at the grid side are mitigated and load voltage is made completely balanced and sinusoidal.  The simulation results of shunt APF shows that current harmonics are eliminated and current at the grid side is made completely balanced and sinusoidal.  The THD of grid voltage and grid current is within the limit i.e. 5%, which is ideal.
